ABSTRACT: The nutrient accumulation curves of apple trees are good indicators of plant nutrient demand for each developmental stage. They are also a useful tool to evaluate orchard nutritional status and to estimate the amount of soil nutrient removal. This research aimed at evaluating the seasonality of nutrients in commercial apple orchards during the agricultural years of 1999, 2000, and 2001. Therefore, apple tree leaves and fruits of three cultivars 'Gala', 'Golden Delicious' and 'Fuji' were weekly collected and evaluated for fresh and dry matter, fruit diameter and macronutrient (N, P, K, Ca and Mg) and micronutrient (B, Cu, Fe, Mn, and Zn) concentrations. Leaf and fruit sampling started one or two weeks after full bloom, depending on the cultivar, and ended at fruit harvest or four weeks later (in the case of leaf sampling). In general, leaf concentrations of N, P, K, Cu, and B decreased; Ca increased; and Mg, Fe, Mn, and Zn did vary significantly along the plant vegetative cycle. In fruits, the initial nutrient concentrations decreased quickly, undergoing slow and continuous decreases and then remaining almost constant until the end of fruit maturation, indicating nutrient dilution, once the total nutrient accumulation increased gradually with fruit growth. Potassium was the nutrient present in highest quantities in apple tree fruits and thus, the most removed from the soil. Key words: Malus domestica, macronutrients, micronutrients, accumulation
INTRODUCTION
Foliar analysis is widely used to evaluate the nutritional status of apple tree plants. Lately, fruit chemical analysis has received special attention, since it can provide information on fruit quality based on previously known adequate and critical nutrient levels and, therefore, prevent deficiencies and physiological disturbances in fruits (Marcelle, 1984; Suzuki & Argenta, 1994; Nachtigall & Freire, 1998; Ernani et al., 2002) .
The nutrient accumulation curves of apple trees are good indicators of nutrient demand in each plant developmental stage. There are few studies on leaf and fruit nutrient seasonality of apple trees. In Washington (US) N, P, K, Ca, and Mg accumulated quantities were evaluated along the vegetative cycle of six apple tree orchards (Rogers et al., 1953) . In North Carolina (US) the seasonal N, P, K, Ca, and Mg accumulation of an apple tree cultivar of 'Delicious' group were evaluated (Chuntanaparb & Cummings, 1980) . In Virginia (US) K, Ca, and Mg leaf accumulation of eight cultivars of 'Delicious' group and eight of 'Virgínia Gold' group were evaluated (Hilmelrich & Walker, 1982) . In Poland the seasonality of N, P, K, Ca, and Mg accumulation was evaluated in 40 orchards during three successive crops (Nurzynski et al., 1990) .
Similarly in Brazil, the nutrient accumulation in apple fruits of 'Ohio Beauty' and 'Brasil', at Buri County, State of São Paulo was evaluated (Trani et al., 1981) , and at Palmas County, State of Paraná the nutrient accumulation seasonality in fruits of Gala, Golden Delicious and Fuji cultivars was evaluated (Pavan et al., 1988) . However, these studies are frequently outof-date due to the release of new cultivars and grafts, and also, to new techniques for crop management that can change the apple tree pattern of leaf and fruit nutrient accumulation and levels (Eaton & Robinson, 1977) . Furthermore, no information about seasonality of leaf nutrient accumulation in apple trees is available for the States of Rio Grande do Sul and Santa Catarina, in the south region of Brazil, where most of the Brazilian apple production is concentrated.
The objective of this paper was to evaluate the seasonality of nutrients in leaves and fruits of apple trees of Gala, Golden Delicious and Fuji cultivars, during the period between bloom and fruit harvest.
MATERIAL AND METHODS
This research was carried out during the agricultural years of 1998/99, 1999/00 and 2000/01, at Vacaria, RS, Brazil (28°30' S, 50°42' W and 955 m of altitude), in Gala, Golden Delicious and Fuji apple cultivar orchards, grafted on EM VII rootstocks. The orchards were established in 1982 on a Humic Xanthic Hapludox (Streck et al., 2002) , whith the following characteristics: clay = 540 g kg -1 ; organic matter = 58.8 g dm -3 , pH H 2 O (1:1) = 5.8; P = 3.5 mg dm -3 ; K = 88 mg dm -3 ; Al = 0.4 mmol c dm -3 ; and Ca + Mg = 2.7 mmol c dm -3 . Crop management practices for weed and pest control (fungicide and insecticide applications), tree formation and orchard maintenance were the usual ones for apples, plus soil and foliar fertilization monitored by means of leaf analysis.
In order to monitor the seasonality of nutrient accumulation, apple tree samples of leaves and fruits were weekly collected, starting one or two weeks after full bloom, depending on the cultivar, until fruit harvest or until four weeks later for leaf sampling, as follows: (1) Leaves were collected from the medium third of branches of the year (one leaf from each plant quarter) of 10 plants to obtain one composite sample (40 leaves). The first fruit sampling was made during the first up to third week after full bloom: 12 fruits plus peduncle were taken per sample. During the fourth until the eighth week after full bloom five fruits plus peduncle were taken per sample and after that until fruit harvest, three fruits plus peduncle were collected per sample. Fruits were taken from four plant quarters, at medium plant height (using as standards, fruits from marked floral bunches at bloom in order to obtain fruits of same age). Fruit samples were measured for diameter and fresh mass. Both leaf and fruit samples were dried in a forced air oven at 60°C until constant mass, for dry mass determination. After that, samples were ground in a Willey type mill and submitted to procedures for macro and micronutrient analyses, as follows: leaf nitrogen (N) was determined by the semimicro Kjeldahl method, and leaf phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) concentrations were determined in extracts obtained through nitric-perchloric digestion. Phosphorus was determined by spectrophotometry, potassium by flame photometry and calcium and magnesium by atomic absorption spectrophotometry, following procedures described by Freire (1998) . Leaf micronutrient concentrations -copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn) -were determined by atomic absorption spectrophotometry in extracts obtained through nitric/sulfuric/perchloric acid digestion. Leaf boron (B) concentration was determined by spectrophotometry using the Azomethine-H method, in extracts obtained from leaf ashes (oven digestion) according to procedure described by Freire (1998) .
The data were submitted to regression analysis and the model adopted was chosen using the criterion of determination coefficient magnitude (P < 0.05). The t test (P < 0.05) was used in order to compare mean cultivars. The accumulated nutrient quantities by the crop in fresh fruits were submitted to analysis of variance.
RESULTS AND DISCUSSION
In general, leaf N, P, K, Cu and B concentrations decreased along the apple tree vegetative cycle, calcium increased and little variation was observed in Mg, Fe, Mn and Zn concentrations (Figure 1 ). These results are similar to those obtained by Hilmelrich & Walker (1982) , when working with eight cultivars of the 'Delicious' group and eight of the 'Virginia Gold' group: the authors observed that leaf Ca concentration increased, K decreased and Mg remained constant during the vegetative cycle. In the same way, Rogers et al. (1953) observed that N concentration decreased slightly up to 140 days after bloom passing to a sharp decrease starting from this period; P decreased along the cycle, mainly after 140 days after bloom, K decreased in a gradual and continuous way along the cycle and Ca increased quickly during the first 65 days after bloom remaining practically constant until 155 days after bloom and increasing again from this date on. The reduction observed for N and P concentrations followed a cubic model, where the concentrations were higher during the first five weeks after full bloom, decreased slowly between the fifth and the twentieth week after full bloom and presented a sharp fall from the twentieth week after full bloom. The reduction in leaf K concentrations followed a quadratic model, except for the Gala cultivar, for which leaf K concentrations fit a linear model. Leaf K reduction was practically uniform along the vegetative cycle except for the Golden Delicious cultivar, for which leaf K increased until the eighth week after full bloom and continuously decreased from this period on. Leaf Cu and B concentrations decreased more sharply in the first five weeks after full bloom and from then on, slowly and gradually along the vegetative cycle. Leaf Cu concentration decreases followed a cubic model for the three cultivars, meanwhile leaf B decreases fit to a linear model, significant only for the Gala cultivar.
Young leaf tissues usually present lower water content and higher N, P and K concentrations, meanwhile older tissues are richer in Ca, Mn, Fe and B mainly (Mengel & Kirkby, 2001) . Therefore, the nutrient concentration decreases, mainly N, P and K, observed in apple leaves along the vegetative cycle, can be related to a dilution effect occurred with leaf growth and to the nutrient redistribution to other plant organs until the end of the cycle. The increase in leaf Ca concentration along this period can be explained by Ca immobility in plant tissues and no redistribution to other plant organs. Magnesium increases, however, are probably a consequence of lower K competition, since leaf K decreased along the cycle.
Leaf Ca concentrations increased faster during the first five weeks after full bloom, passing to slow and continuous increases from this period on, fitting to cubic models for the three cultivars. Golden Delicious cultivar presented lower leaf Ca concentrations, which practically did not vary along the cycle, what might be explained by the antagonism with K, present in higher concentrations in this cultivar.
Leaf Mg concentrations increased according to cubic models for the Gala and Fuji cultivars, showing sharper increases in the first five weeks after full bloom, passing to slow increases from this period on. For the cultivar Golden Delicious no clear tendency along the cycle was verified.
Leaf Fe, Mn and Zn concentrations fit to cubic models only for the Fuji cv: Fe increased along de cycle; Mn and Zn decreased until the twenty fifth week after full bloom and increased from then on. The variability in leaf Fe, Mn and Zn concentrations observed along the vegetative cycle of the three cultivars might be attributed to leaf contamination with products sprayed in the orchard for pest and disease control. Although this contamination has impaired a clear trend definition of these micronutrient concentrations in apple leaves, it might be considered that this is a frequent and usual occurrence in apple orchards as a function of crop management procedures and has been reported in other works (Pavan et al., 1988) . Thus, the leaf micronutrient distribution along the cycle will vary according to the referred practices and products sprayed.
The obtained apple leaf nutrient distribution, in practical terms, allowed to infer that leaf sampling for nutritional diagnosis might be anticipated for 30 days in relation to the period used in the present experiment and reported in the literature (14 th to 18 th week after full bloom), because there is a relative nutrient concentration stability from the 10 th week after full bloom on. Moreover, these results might be useful as standard reference values of different apple tree phenological stages for the leaf analysis interpretation of current laboratory data.
Small but significant differences were observed among cultivars for leaf K, Ca, Mg, Zn and Mn concentrations. Thus, the three cultivars differed for leaf K concentrations (P < 0.01) and the highest leaf K was found for the 'Golden Delicious' cultivar. For Ca, 'Golden Delicious' presented higher leaf Ca than 'Gala' (P < 0.05) and than 'Fuji' (P < 0.01), while for Mg, 'Golden Delicious' differed from the others (P < 0.01) presenting the lowest leaf Mg concentration. For Zn, 'Gala' had higher leaf Zn than the other cultivars (P < 0.01); and for Mn, significant differences among cultivars were also observed (P < 0.01). Although such differences were found among cultivars for some leaf Fruit fresh and dry mass accumulation was small until the 7 th week after full bloom representing 14, 13 and 8% of the fresh or final dry mass for 'Gala', 'Golden Delicious' and 'Fuji', respectively (Figure 2, A and B) . From this period on, more expressive increments were obtained, so that, in the 12 th week after full bloom the fruit mass (dry or fresh) represented 58, 46 and 32% of the final mass for 'Gala', 'Golden Delicious' and 'Fuji', respectively. These results are in agreement with those obtained by Pavan et al. (1988) . Since 'Fuji' is a late cycle cultivar, from the 14 th week after full bloom on, lower fresh and dry mass accumulation was observed as compared to the other cultivars. However, at the end of the cycle, the obtained values for fruit fresh and dry mass accumulation were not significantly different among the three cultivars.
Fruit diameters increased continuously up to the 16 th week after full bloom and from this period on, smaller increments in fruit diameter were obtained for the three cultivars (Figure 2 C) , but no significant differences among cultivars were observed.
Apple fruit nutrient concentrations (N, P, K, Ca, Mg, Fe, Mn, Zn, Cu and B) of 'Gala', 'Golden Delicious' and 'Fuji' were relatively high in the initial fruit development, decreasing systematically with growth ( Figure 3) . The observed pattern suggested three different phases for fruit nutrient accumulation: a) in the first three weeks after full bloom there was a fast decrease in nutrient concentrations with fruit growth; b) from the 4 th to the 10 th week after full bloom, slow and continuous decreases in nutrient concentrations were observed; and c) from the 10 th week after full bloom until the end of fruit maturation, nutrient concentrations remained almost constant. The first phase occurs during the cellular division period, while the other phases are associated with the period of cellular expansion (Hilmelrick & McDuffie, 1983) . This is the so-called effect of chemical dilution, that is, reduction in the nutrient concentrations caused by the increase in fruit dry matter.
No significant differences were observed among cultivars in to relation fruit nutrient concentrations, except for K ('Golden Delicious' presented higher fruit K than 'Fuji', P < 0.05), Mn and Cu ('Gala' had higher values than 'Fuji', P < 0.01 and P < 0.05, respectively). The same tendency was reported by Hilmelrick & Walker (1982) and Pavan et al. (1988) . However, Pavan et al. (1988) observed the lowest nutrient concentrations for 'Gala' as compared to 'Golden Delicious' and 'Fuji'.
Fruit Fe concentration variability along the vegetative cycle can be attributed to leaf sample contamination during orchard spraying for pest and disease control.
The total N, P, K, Ca, Mg, Fe, Mn, Zn, Cu and B quantities accumulated in fruits of the tree cultivars increased gradually with fruit growth (Figure 4) . This was also obtained by Trani et al. (1981) and Pavan et al. (1988) . For the 'Gala' orchard, significant linear regressions were obtained for total N, P, Ca, Mg and B quantities accumulated in fruits, while for K, Cu and Mn, the data significantly fitted to quadratic models. For the 'Golden Delicious', significant positive linear regressions were obtained for total N, P, Ca and Table 1 -Total nutrient quantities removed by fresh fruits at harvest of apple tree cultivars ('Gala', 'Golden Delicious' and 'Fuji') (average over two years).
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*Means followed by common letters, in the column, do not differ by Tukey test (P < 0.05).
